This 31 week's gestational age, female infant was born by cesarean section to a 35-year-old, gravida 6, para 5 mother who was known to have chronic renal failure. Her antenatal care was poor; thus, she was not treated properly for her renal failure. This pregnancy was complicated by polyhydramnios.
The infant was born by cesarean section and her Apgar scores were 4, 5, and 9 in the 1st, 5th, and 10th minutes, respectively. Her birth weight was 1120 g (10th percentile), length was 38 cm (25th percentile), and head circumference was 27 cm (10th percentile).
The infant required mechanical ventilation and two doses of surfactant therapy for severe respiratory distress syndrome.
Chest X-ray showed demineralized and fractured ribs, which raised the possibility of rickets. This was confirmed when long bones were X-rayed and severe demineralization was observed (Figure 1 ).
In the first 24 hours of age the infant's serum calcium, phosphate, creatinine, and urea were 1.58 mmol/l, 1.68 mmol/l, 219 mol/l, and 17.6 mmol/l, respectively. The infant's parathyroid hormone (PTH) was 3670 ng/l (normal range, 10 to 65).
Correspondingly the maternal serum creatinine was between 643 and 688 mol/l with evidence of hypocalcemia (1.26 mmol/l) and hyperphosphatemia (2.1 mmol/l).
Her parathyroid hormone before delivery was 328 ng/l. The infant was treated with high doses of elemental calcium (200 mg/kg per day), phosphate (100 mg/kg per day), and a maintenance dose of vitamin D (400 IU/day). The calcium and phosphate supplements were adjusted according to the serum level and urinary calcium/creatinine ratio and they were gradually decreased and discontinued after completing 40 days of treatment.
At 6 weeks of age, normal mineralization of her bones was achieved. In addition, the PTH level significantly decreased and by 45 days of age the level was 45 ng/l. Before her discharge, the serum calcium was 2.46 mmol/l and phosphate was 2.02 mmol/l. She was discharged home on Vitamin D supplement, which was discontinued after 6 months. On follow-up her growth parameters were normal for her corrected age ( Figure 2 ).
DENOUMENT AND DISCUSSION
This infant represents an example of skeletal demineralization secondary to maternal disturbed calcium homeostasis. Calcium is one of the essential elements for normal tissue structure and function. 1 In addition, pregnancy is considered as a major challenge to calcium homeostasis. This challenge is due to the increased requirement of calcium for both the fetus and the mother. It has been estimated that the fetus at term accumulates up to 350 mg of calcium per day, with the total fetal calcium content being approximately 30 g. 2 This accumulation of calcium by the fetus from the mother must be balanced by increased intestinal absorption and or decreased renal excretion of calcium by the mother, at the same time maintaining maternal skeletal calcium content. Because the balance of the fetal calcium depends on adequate placental transfer of calcium, hence any defect in the maternal calcium homeostasis will affect the calcium status in the fetus. 3 In humans, the fetal accretion of calcium increases exponentially in the third trimester, therefore premature infants are at higher risk of developing hypocalcemia. 4 This easily explains the reasons for this infant to develop rickets.
The radiographic finding of poorly mineralized bones with metaphyseal fraying and irregularity, together with the course trabecular pattern, is indicative of rickets. Other causes of severe osteopenia in the neonate that could be considered include primary infantile hyperparathyroidism and neonatal hypophosphatemia. Primary infantile hyperthyroidism may also present with profound demineralization of the skeleton and may also show some rachitic changes. These infants typically show evidence of subperiosteal bone resorption, usually in relationship to the lateral aspect of long bone metaphyses.
Neonatal hypophosphatemia may also show irregular ossification of metaphyses but shows extremely poor mineralisation of the cranial
vault, shortness and bowing of tubular bones, and may show bony spurs arising in the mid portion of long bones. However, following treatment of congenital rickets, there is rapid improvement in the metaphyseal fraying followed by an increase in metaphyseal density. The trabucle pattern normalizes and remodeling of the metaphyses occurs with subsequent growth. Premature infants are at increased risk of developing rickets due to maternal chronic malnutrition, 5 preeclampsia, 6 and maternal chronic renal failure on hemodialyses. 7 However, the optimal goal in preventing rickets in preterm infants is to achieve calcium and phosphorus intake in amounts sufficient to allow bone mineralization approximate to normal intrauterine bone mineralization rate. Thus, premature infants require more calcium and phosphorus than term infants to develop appropriate bone mineral accretion. The exact requirement in very low birth weight infants with rickets is not well known; however, we recommend a daily intake of 200 to 250 mg/kg of calcium, 100 to 120 mg/kg of phosphorus, and 400 IU of vitamin D. After commencing the treatment, urinary calcium and phosphorus excretion can be used as a practical marker for optimal calcium and phosphorus intake.
In this report, the diagnosis was made and treatment was started in the first 24 hours of life. As a result of the administration of calcium and phosphate with vitamin D, the infant had adequate mineralization and consequently healing of fractures and rickets within a satisfactory time.
To the best of our knowledge this is the second reported case of profound neonatal rickets secondary to untreated maternal uremia. 8 We believe that congenital rickets secondary to untreated maternal renal insufficiency exists. More awareness of this condition is required to allow early diagnosis and to commence the appropriate therapy to the affected infants, thus avoiding future complications. Complications of untreated rickets in premature infants vary from multiple fractures to bone deformity that may have long-term consequences in height and weight during infancy and childhood.
Further studies are needed to clarify whether rickets of prematurity is a relatively benign, self-resolving condition or a disease with longterm effects on bone mineralization and linear growth. Congenital Rickets
